Abstract -The emergence of new molecular biology techniques has provided cytogenetics with tools which allow for the elucidation of questions that classical cytogenetics could not answer. Therefore, the present work standardizes a microdissection protocol for cytogenetic studies in bees. This methodology was first used in these insects and may contribute greatly to studies involving chromosomal rearrangements, heterochromatin composition, B chromosomes and others. For this study, the centromeric region of chromosomes in the stingless bee Tetragonisca fiebrigi was used for probe synthesis. The results demonstrated that the methodology used was efficient, presenting markings in the centromeric regions of several chromosomes. Hybridization in other sites indicates that the probe was able to detect regions that present homology with its sequence. This indicates that the technique is effective to study chromosomal evolution, genome organization and even the origin of B chromosomes.
INTRODUCTION
The tribe Meliponini includes what are commonly referred to as indigenous stingless bees. There are hundreds of species distributed in tropical regions of the world and in subtropical regions of the Southern Hemisphere (Silveira et al. 2002) . Most species of this group are economically and ecologically important due to their role in the pollination of cultivated and wild plants and for the production of honey by some species (Michener 2000) .
Cytogenetic studies on bees of the tribe Meliponini began with Kerr (1948) . Since then, much data have been obtained, but almost all the information generated is based on classical cytogenetic techniques (C band, Ag-NOR band and fluorochromes).
The advance of molecular biology techniques associated with cytogenetics in a field known as molecular cytogenetics has allowed for many improvements. Techniques such as microdissection and fluorescent in situ hybridization (FISH) has especially contributed to cytogenetic studies, making them new alternatives for research on the genome structure of organisms. This methodology eventually established a connection between classical cytogenetics and molecular genetics allowing for a series of applications, such as the production of specific probes, chromosome painting and physical genome mapping (Zhou and Hu 2007) , including the visualization of rearrangements and polymorphisms not detected by conventional cytogenetics (Guerra 2004 ). This modality of study offers a greater resolution in chromosome analyses and enables the location of target sites in any portion of the karyotype.
The use of microdissection for cytogenetic studies was first described in the 1990s by Kao (1990) and later by Meltzer et al. (1992) . Since then, it has been applied in the study of several groups of organisms, but no report for bees.
Therefore, the present work proposes the standardization of a methodology for the use of microdissection followed by the construction of specific probes for the study of chromosomes. To achieve this, the centromeric region of Tetragonisca fiebrigi was chosen for probe synthesis. This advance will significantly contribute to the cytogenetics study of bees by providing a tool that can aid in the understanding of chromosome evolution dynamics in bees and other Hymenoptera.
MATERIALS AND METHODS
In this work, a colony of T. fiebrigi was used as collected in the municipality of Tangará da Serra, in Mato Grosso state, Brazil (14°39′06.67″ S, 57°26′ 02.31″ W). The mitotic metaphase chromosomes were obtained according to the methodology of Imai et al. (1988) from the cerebral ganglia of larvae in the defecation stage. The material was prepared on a 24× 60-mm coverslip to facilitate microdissection.
Microdissection and probe labelling
The microdissection was carried out with the use of a micromanipulator (Eppendorf®) attached to an inverted microscope (Zeiss®, AXIOvert 100 model). The coverslips were stained with Giemsa, and six centromeric regions of the largest chromosome of pair 1 were microdissected (Figure 1a -c).
After microdissection, the centromeric regions were placed in a microtube containing the reaction mix (Table I) for amplification by degenerate oligonucleotide-primed PCR (DOP-PCR; Telenius et al. 1992) . By using degenerate primers, this technique allows the nonspecific amplification of any DNA segment. Three DOP-PCR procedures were carried out under the conditions presented below:
-First DOP-PCR-Amplification of the microdissected material was carried out according to the protocol described by Mühlmann-Diaz et al. (2001) , with some modifications. The microtubes with the mix (without polymerase) were warmed to 95°C for 10 min (min). This solution was briefly centrifuged, after which Termosequenase (Thermo Sequenase Cycle Sequencing Kit, USB) was added. The PCR reactions were carried out in a MJ Mini™, Bio-Rad Thermocycler. The programme consisted of 3 min at 94°C, followed by 12 cycles of 1 min and 30 s at 94°C, 2 min at 37°C, 1 s at 37°C with an increase of 0.2°C per second until reaching 72°C, remaining for 2 min at this temperature. The 12 cycles were followed by a second stage of 30 cycles of 1 min and 30 s at 94°C, 1 min at 62°C, and 1 min and 30 s at 72°C.
-Second DOP-PCR-Using 2 μL of the product from the first DOP-PCR, a conventional PCR was performed to obtain a stock. The amplification programme was composed of an initial step of 3 min at 94°C, followed by 30 cycles of 1 min and 30 s at 90°C, 1 min and 30 s at 56°C, and 1 min and 30 s at 72°C, followed by 10 min at 72°C.
-Third DOP-PCR-This DOP-PCR was carried out for marking of the probe with fluorescence. The amplification conditions were the same as those used for the second DOP-PCR, with the exception of including marked nucleotides using dUTP-digoxigenin.
At each amplification, a sample of the products were applied in 1% agarose gel and 1× TBE with molecular weight markers to assess the size of the amplified fragments, which should be between 300 and 600 bp (Figure 1d ).
In situ hybridization
The FISH methodology employed was based on that of Pinkel et al. (1986) , with modifications. The slides with the chromosomal preparation were washed in 1× PBS buffer for 5 min under agitation and then dehydrated in an alcohol series of 70%, 85% and 100% (cold) for 5 min each. Next, they were incubated in 100 μL of RNAse (0.4% RNAse, 2× SSC) at 37°C for 1 h in a humid chamber and then washed three times for 5 min in 2× SSC and for 5 min in 1× PBS. The slides were incubated again for 10 min at 37°C in pepsin 0.005% (10 mM HCl) and washed in 1× PBS during 5 min under agitation. They were then fixed in 1% formaldehyde, 1× PBS, 50 mM MgCl 2 for 10 min, followed by washing in 1× PBS for 5 min under agitation.
This was followed by dehydration in alcohol series of 70%, 85% and 100% (cold), for 5 min each. Simultaneously, the hybridization solution was denatured at 100°C for 10 min and placed on ice. About 1.5 μg of the probe marked with the fluorochrome of interest was used.
After dehydration, the chromosomal DNA was denatured with 70% formamide in 2× SSC at 70°C for 5 min and dehydration in the alcohol series was again performed. The slides were then mounted with 50 μL of hybridization solution and placed in a humid chamber overnight at 37°C. They were then washed two times in 15% formamide, 0.2× SSC, pH 7.0, at 42°C for 10 min, three times in 0.1× SSC at 60°C for 5 min each and, finally, in 0.5% Tween, 4× SSC for 5 min. The slides were incubated in 5% nonfat dried milk (NFDM), 4× SSC buffer for 15 min and washed twice with 0.5% Tween, 4× SSC.
After these washings, the slides were incubated with 100 μL of anti-digoxigenin rhodamine conjugated (5 μL anti-digoxi rhodamine and 995 μL NFDM) for 1 h in a humid chamber, in the dark, at room temperature and washed three times for 5 min with 0.5% Tween, 4× SSC at room temperature. Dehydration in alcohol 70%, 85% and 100% (5 min each) was then carried out again. The slides were mounted with 40 μL of a DAPI+antifading solution (VECTASHIELD Mounting Medium with DAPI, Vector Laboratories) and placed in the dark. To verify the efficiency of the FISH, a previously tested 18S DNA probe was used as a positive control.
Metaphases were analyzed under an epifluorescence microscope, Olympus BX60.
RESULTS AND DISCUSSION
In Figure 1a -c, the centromeric region can be observed, which was microdissected and later amplified by DOP-PCR. The result of the three DOP-PCR procedures, via microdissection of the centromeric blocks of chromosome 1 of six metaphases revealed that most fragments presented a size of about 300-600 bp (Figure 1d) , which was appropriate for the FISH procedure The values presented refer to the final concentrations of the solutions of each DOP-PCR. All reactions received the addition of H 2 O to their final volume a Degenerated primers were used (5′ CCGACTCGAGNNNNNNATGTGG 3′) in all the reactions, in accordance with Telenius et al. (1992) b For the first DOP, the polymerization enzyme Termosequenase was used, whilst Taq polymerase Phoneutria was used for the second and third DOP-PCRs; the buffers recommended by the manufacturers were used together with both enzymes as suggested by Telenius et al. (1992) . The DOP-PCR technique was effective and satisfactory in terms of the production of chromosomespecific probes. Figure 1e presents a metaphase with the markings achieved by the probe of the centromeric region in several chromosomes. However, marking was not observed in all the chromosomes. This may indicate that the centromeric region does not present the same sequence for all chromosomes of this species. Satellite DNA in the centromere is usually much longer than is necessary for centromeric function (Plohl et al. 2008) ; therefore, the amplified region may represent a sequence that does not constitute a basic building block of the centromeric chromatin. Even within a genome, distinct forms of satellite DNA can accumulate mutations with different rates, adding to the diversity of sequence patterns in pericentromeric areas (Plohl et al. 2008) .
The hypothesis of chromosome evolution in this group suggests events of heterochromatin fission and amplification in one arm for the stabilization of telomeres (Imai et al. 1986 ). Ten chromosomes presented markers, which may have originated from the same chromosome group, whilst the others arise from one conjunct with distinct centromeric or pericentromeric regions.
Markings in other locations besides the centromeric region were observed. The microdissected region comprised not only the centromere (Figure 1c ) but also a small part of the chromosome arms. The species T. fiebrigi has a heterochromatic arm in all chromosomes, and part of these regions was also amplified, which may be the cause of these markings. This suggests that the region close to the centromere has sequences similar to those in other regions of the heterochromatin and that this heterochromatin is similar since several chromosomes were marked.
The hybridization of the probe in other regions besides the centromeres indicates that the probe was able to detect regions that present homology with its sequence. This demonstrates that the technique is effective to study chromosomal evolution, origin of extra chromosomes and even genome organization. The same results were observed in other studies using regions of heterochromatin (unpublished data).
In insects, several studies have been realized by the use of microdissection. Bugrov et al. (2007) used this methodology to elucidate the origin of B chromosome, suggesting an independent origin of B chromosomes in two closely related grasshopper Podisma species. Likewise, Bressa et al. (2009) examined the structure, molecular differentiation and meiotic behaviour of Dysdercus albofasciatus neo-sex chromosomes by microdissection and FISH. However, to our knowledge, there are no reports about the use of this methodology for bees and other Hymenoptera.
Therefore, the most important goal of this work was to present the possibility of constructing probes based on the microdissection of partial chromosomes and, eventually, even whole chromosomes, which may contribute to cytogenetic and evolutionary studies of bees.
